ABSTRACT Responses to 100-ms flashes were recorded intraceliularly from dark-and light-adapted rod photoreceptors in the isolated retina of the toad, Bufo marinus. Properties of photoresponses were analyzed under each condition of adaptation when retinas were superfused with 1.0 mM guanosine 5'-[fB,ymethylene]triphosphate (p[CH2]ppG), a hydrolysis-resistant analog of GTP. When applied to retinas that previously had been subjected to intense light (=30% bleach), p[CH2]ppG increased both the amplitude and duration of photoresponses. By contrast, treatment of dark-adapted retinas with p[CH2]ppG did not alter these response parameters. When similarly applied to either darkor light-adapted retinas, GTP had no effect on amplitude or duration of photoresponses. These results are discussed in terms of GTP-dependent mechanisms for rod adaptation.
Exposure of the vertebrate retina to intense light markedly alters visual responses of rod photoreceptors. Numerous studies have emphasized the contribution to this adaptational process of a mechanism linked to the state of visual pigment in the receptor outer segments. For example, partial bleaching ofvisual pigment in the isolated retina permanently decreases the amplitude and duration of rod photoresponses; the sustained loss of sensitivity is correlated with the extent of bleaching and greatly exceeds the loss expected through reduction in quantum catch (1) (2) (3) (4) . These observations suggest that bleached visual pigment, through a mechanism as yet undetermined, acts to sustain a condition of light adaptation in rods.
Within rod photoreceptors, GTP participates in several reactions stimulated by the bleaching of visual pigment. The activation of cyclic GMP phosphodiesterase (PDEase) in outer segments requires both photoactivated visual pigment and GTP (5, 6) . The pigment molecule is believed to function in this process by catalyzing the binding ofGTP to another protein ("transducin"), which then interacts with the PDEase (7) (8) (9) (10) . In this process, analogs of GTP resistant to hydrolysis between the A and yphosphates readily substitute for GTP (6, 11, 12) . Through events possibly linked to activation of the PDEase, bleaching of the visual pigment also is associated with an increase of GTPase activity within the rod (11) (12) (13) (14) (15) (16) .
The indications ofa close relationship between the bleaching of visual pigment and the utilization of GTP suggest the possibility that one or more GTP-dependent processes may regulate light adaptation in rods. For example, as a consequence of intense irradiation, free GTP or the activated form of a GTPbinding protein might become limiting for a step in some visual process. To explore such a possibility, we examined whether dark-and light-adapted rods in an isolated retina respond differently to treatments designed to influence GTP-dependent mechanisms. We report here that toad rods exhibit such a differential response to superfusion with guanosine 5'-(P, 'y-methylene)triphosphate (p[CH2]ppG), a hydrolysis-resistant analog of GTP. Results of this study were presented at the 1981 meeting ofthe Association for Research in Vision and Ophthalmology (17) . METHODS
Electrophysiology. All experiments used the isolated retina preparation ofthe toad, Bufo marinus (18) . Animals were darkadapted for 12-18 hr and then sacrificed by double-pithing. With the use of infrared illumination and image converters, an eye was excised and a section of retina (==5 x 5 mm) was dissected free. The isolated retina was placed receptor-side up in a recording chamber (volume, 0.3 ml) that had a transparent bottom. The chamber was placed on the stage of an inverted compound microscope (Zeiss Invertoscope, model D), and the retina was viewed from below with infrared illumination and an image converter (Varo, model 6914).
Under visual control, a rod outer segment was impaled with a glass micropipette electrode. The electrodes contained 1.0 M potassium acetate (pH 7.1) and had resistances ranging from 200 to 400 M1Q. The impaled cells were likely the larger and more numerous red rods, based on their response waveform and sensitivity to 500-nm stimuli (18 In all experiments, stimuli were 100-ms flashes of 500-nm light. The stimuli, which were 2.0 mm in diameter and-tentered upon the impaled rod, more than covered the receptive field of the rod (19) (20) (21) Light Adaptation. A dark-adapted rod was impaled and characterized by the presentation of test flashes of varying irradiance. The retina was then exposed for 60 s to intense, full-field, white light ("standard" adapting irradiation). Invariably, the microelectrode became dislodged from the impaled rod within 15 min after this adapting irradiation, necessitating the impalement of another rod. Data from all rods referred to as lightadapted were obtained at least 20 min after termination of the adapting irradiation. This 20-min period was found to be sufficient for completion of the rapid, "neural" adaptation exhibited by rods in the isolated retina (1-4).
Spectrophotometry. The bleaching efficiency ofthe adapting light was measured by recording transretinal absorbance from 350 to 650 nm (Perkin-Elmer spectrophotometer, model 320, modified for use with horizontally positioned retinas). For each measurement, an initially dark-adapted retina was subjected to the standard adapting irradiation, and the reduction in absorbance was compared with the overall reduction in absorbance exhibited after exhaustive bleaching in the presence of hydroxylamine (4). In four experiments, the fractional decrease in absorbance at 525 nm induced by the standard irradiation was 0.29 + 0.07 (SD). This value was taken to represent the fractional extent of bleaching of rhodopsin in the red rods (4, 25) .
RESULTS
Light-Adaptation of the Rods. The standard adapting irradiation induced significant and sustained changes in the amplitude and time course ofrod photoresponses. The wave-forms in Fig. 1 were obtained from a dark-adapted and a light-adapted rod in the same retina; these data show the sustained effects of the adapting exposure on the response to a stimulus of fixed irradiance. The data in Fig. 2 , obtained from a total of 16 rods in 8 retinas, describe photoresponses ofdark-and light-adapted rods to stimuli of varying irradiance. As a consequence of light adaptation, the function representing response amplitude is shifted to the right and reduced in maximum value; in addition, the duration of the photoresponse (defined as the interval between stimulus onset and the time at which the response decays to 10% of its peak amplitude) is decreased markedly. These persisting effects of strong light adaptation closely resemble those observed previously in rods ofthe isolated retina ofaxolotl (3). no appreciable effect on baseline membrane potential; when variations were observed, they did not appear to be correlated with changes in the photoresponse. Fig. 4 shows data from a light-adapted rod in another retina that was treated with p[CH2]ppG. Responses to stimuli ofvarying irradiance were obtained both before and during exposure to p[CH2]ppG. As a consequence of this treatment, the curves describing amplitude and duration ofphotoresponses shifted in the direction of dark adaptation. A return to superfusion with control Ringer's solution, carried out after 10 min of treatment with p[CH2]ppG, did not reverse the effects of treatment. 
